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GENERAL INTRODUCTION 
Host plant resistance studies on the European corn borer (ECB), 
Ostrinia nubilalis (Hiibner), have been conducted by the United States 
Department of Agriculture for 56 years, from 1927 through 1931 under 
natural infestation conditions and from 1932 to the present under arti­
ficial infestation conditions. The ECB is easily reared on a meridic 
diet and, at present, private and public research organizations produce 
ca. 24 million egg masses (ca. 700 million eggs) each season for host 
plant resistance studies; over 100,000 entries of maize, Zea mays L., 
are evaluated each season. Resistance to leaf feeding by Ist-generation 
ECBs has been easy to find (Guthrie and Dicke, 1972), but resistance to 
sheath-collar feeding by 2nd-generation ECBs has been difficult to lo­
cate (Guthrie et al., 1971). 
During the last two decades, a considerable amount of research has 
been conducted on the chemical bases of resistance. Early researchers 
implicated 6-methoxybenzoxazolinone (6MB0A) as a chemical resistance 
factor to leaf feeding by Ist-generation ECBs. This chemical was first 
found in extracts of plant tissues from Coix sp. (Koyama et al., 1955), 
and later from wheat, Triticum aestivum L., and maize tissue (Virtanen 
et al., 1956; Hietala and Wahlroos, 1956; Smissman et al., 1957a, b; 
Beck and Stauffer, 1957). 
Klun and Brindley (1966) showed a correlation between the concentra­
tion of 6MB0A in the dried whorl tissue of 11 inbred lines of maize and 
resistance to ECBs. Klun et al. (1967) found that DIMBOA (2,4-dihydroxy-
7-methoxy-(2H)-1,4-benzoxazin-3(411)-one), which is chemically labile and 
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decomposes stoichiometrically to MBOA (Brendenberg et al., 1962), is a 
biochemical factor in the resistance of maize to leaf feeding by 1st-
generation ECBs. DIMBOA concentration in plant tissue can, therefore, 
be determined by chemical analysis of dried plant tissue for MBOA. 
Klun et al. (1970) found a correlation between DIMBOA content in a 
diallel of 11 inbred lines of dent maize (55 single-cross hybrids) and 
resistance to leaf feeding by Ist-generation ECBs, and Russell et al. 
(1975) found that progeny with high DIMBOA content and, thus, with high 
resistance to ECBs can be selected from a cross of WF9 (susceptible) x 
CI31A (resistant). Klun and Robinson (1969) found that DIMBOA concen­
trations were highest in the roots of five inbred lines of maize and 
then were in decreasing order of concentration in the stalk, whorl, and 
leaf. Under field conditions, inbred lines that are susceptible during 
the midwhorl stage of plant development are resistant during the seedling 
stage (Guthrie et al., 1983); the high concentration of DIMBOA in 
seedling maize may explain the resistance of young maize to the ECB. 
Inbreds that maintained high concentrations of DIMBOA in the midwhorl 
stage were borer-resistant, whereas inbreds that decreased in DIMBOA con­
tent from the seedling to the midwhorl stage were susceptible (Klun and 
Robinson, 1969). DIMBOA has not been found to be a chemical factor in 
sheath-collar feeding resistance by 2nd-generation ECBs (Klun and 
Robinson, 1969). 
The objectives of my studies were: (1) to determine the effective­
ness of recurrent selection in breeding for resistance in maize to Ist-
generation ECBs by using leaf-feeding damage of the insect compared with 
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chemical analysis for DIMBOA in the plant; (2) to evaluate lines 
from the CO and C3 populations for resistance to leaf feeding by 1st-
generation ECBs; (3) to evaluate CO, CI, C2, and C3 maize populations 
for resistance to sheath-collar and stalk feeding damage by 2nd-genera-
tion ECBs; and (4) to determine the DIMBOA content at seven stages of 
plant development in a maize synthetic cultivar improved by recurrent 
selection for DIMBOA content and leaf-feeding resistance to the European 
corn borer. 
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EXPERIMENT I: EFFECTIVENESS OF RECURRENT SELECTION IN BREEDING FOR 
RESISTANCE IN A SYNTHETIC CULTIVAR OF MAIZE TO FIRST-
GENERATION EUROPEAN CORN BORERS BY USING LEAF-FEEDING 
DAMAGE OF THE INSECT COMPARED WITH CHEMICAL ANALYSIS 
FOR DIMBOA IN THE PLANT 
5 
INTRODUCTION 
Klun and Brindley (1966) showed a correlation between the concentra­
tion of 6-methoxybenzoxazolinone (6MB0A) in the dried whorl tissue of 11 
inbred lines of maize, Zea mays L., and resistance to leaf feeding by 1st-
generation European corn borers (ECB), Ostrinia nubilalis (Hiibner). Klun 
et al. (1967) found that 2,4-dihydroxy-7-methoxy-(2H)'^l,4-benzoxazin-3(4H)-
one (DIMBOA), which occurs as a glucoside in intact maize tissue (under­
goes slow chemical decomposition to MBOA during freezing, thawing, and 
drying of plant tissue), is a biochemical factor in the resistance of 
maize to leaf feeding by Ist-generation ECBs. 
Klun et al. (1970) used a diallel of 11 inbred lines of maize (55 
single-cross hybrids) to study the concentration of DIMBOA in whorl leaf 
tissue and the resistance to leaf feeding by Ist-generation ECBs. The 
correlation between concentration of DIMBOA in plant tissue and level of 
resistance was highly significant for the inbreds (y = -0.89) and the 
single crosses (y = -0.74). Genetic effects due to general and specific 
combining ability were highly significant for both traits, but general 
combining ability accounted for 84% of the variation in the resistance 
ratings and for 91% of the variation for concentration of DIMBOA. 
DIMBOA has been reported to be a chemical factor in wheat, Triticum 
aestivum L., for resistance to stem rust, Puccinia graminis var. tritici 
(Elnaghy and Linko, 1962), resistance in maize to 2-chloro-S-triazine 
herbicides (Hamilton, 1964), resistance in maize to stalk rot, Diplodia 
maydis (Berk.) Sacc, (BeMiller and Pappelis, 1965), to northern corn leaf 
blight, Helminthosporlum turcicum Pass (Long et al., 1978), and to the 
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corn leaf aphid, Rhopaslosiphum maidis (Fitch) (Long et al., 1977). Thus, 
DIMBOA has been implicated in resistance to one herbicide and to several 
pathogens and insects. The data indicate, therefore, that resistance to 
several pathogens and insects in crop plants can be obtained by select­
ing for high DIMBOA content. The data, however, were obtained on small 
numbers of genotypes. We believe that a plant breeder, working with 
large numbers of genotypes, cannot select for high DIMBOA content and ex­
pect to have resistance to several species of pests. For example, W. D. 
Guthrie, USDA-ARS-Iowa State University (unpublished data), evaluated 
thousands of maize genotypes for resistance to leaf feeding by the ECB and 
the northern corn leaf blight in Ohio and found no correlation in resist­
ance between these two pest species. Nevertheless, Russell et al. (1975), 
using a simple inbreeding and selection technique for DIMBOA in a cross 
of WF9 (susceptible) x CI31A (resistant), made progress in selecting 
lines that had resistance to leaf feeding by Ist-generation ECBs. 
Resistance in maize to leaf feeding by Ist-generation ECBs is con­
ditioned by several genes (Scott et al., 1966), and recurrent selection 
is an effective breeding procedure to improve maize populations for 
resistance to Ist-generation ECBs (Penny et al., 1967). The objectives 
of Experiment I were (1) to determine the effectiveness of recurrent 
selection to improve the resistance in a synthetic cultivar of maize 
to Ist-generation ECBs by using leaf-feeding damage of the insect com­
pared with chemical analysis for DIMBOA in the plant, (2) to evaluate S^^ 
lines from the CO and C3 populations for leaf feeding resistance by Ist-
generation ECBs, and (3) to evaluate the CO, CI, C2, and C3 populations 
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for resistance to sheath-collar feeding damage and stalk feeding damage 
by 2nd-generation ECBs. 
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MATERIALS AND METHODS 
The source material for this study was a synthetic cultivar (Iowa -
2-Ear Synthetic #1C2 x Iowa Com Borer Synthetic #3) designated BSl; the 
component synthetics have high combining ability. Two types of selec­
tion were carried through three cycles of recurrent selection: 
(1) selection for low leaf feeding damage by ECB larvae and (2) selec­
tion for high DIMBOA content in whorl leaf tissue. The two types of 
selection were carried out independently for each cycle. 
Evaluations in each cycle of recurrent selection were of S^ lines 
in three replications, ten plants/row. The number of S^ lines evaluated 
in each cycle varied from 120 to 215. In each cycle, 20 lines with 
the lowest leaf feeding damage and 20 S^ lines with the highest DIMBOA 
content were selected for recombination to develop two improved popula­
tions. In each cycle of the two populations, ten S^ x crosses were 
made, the 8^ lines being paired in an early-late system. Subsequently, 
a seed composite was planted and random pollinations were made among 
300 to 350 plants to give the two improved populations. Details of 
the breeding procedures for each cycle of recurrent selection are given 
in the Maize Breeding Research Project Annual Reports, 1970, 1974, 1976, 
1978, Department of Agronomy, Iowa State University, Ames, Iowa. 
In each cycle of the population selected by the insect (I), ten S^^ 
plants in each plot were artificially infested with eight egg masses 
(ca. 200 eggs/plant) in four applications of two masses, each spaced 1 
day apart. Infestations were made during the midwhorl stage (70-87 cm 
in extended leaf height) of plant development. Leaf feeding damage was 
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rated in classes 1 = no damage to 9 = extensive damage, 21 days after 
egg hatch. 
In each cycle of the DIMBOA (D) population, whorl leaves from ten 
plants (82 cm in extended leaf height) in each plot were placed in 
plastic bags and frozen at -23"C until used. The frozen samples were 
thawed, dried, and ground into a fine powder. Chemical determinations 
were for MBOA, expressed as mg MBOA/g of tissue. Inbred lines CI31A 
(resistant) and WF9 (susceptible) were used as checks in each cycle of 
selection in each population. 
In objective 1, the efficiency of the two methods of selection 
(insect vs. DIMBOA) was evaluated in 1982 and 1983. There were 16 geno­
types at two locations each year (three replications at Ankeny and three 
replications at Ames with a randomized complete block design at each 
location). The 16 genotypes consisted of CO (entered three times in 
each replication each year) ClI, C2I, C3I, CID, C2D, C3D, ClI x CID, 
C2I X C2D, C3I X C3D, CO x C3I, CO x C3D, WF9 x 1205 (susceptible check), 
and CI31A x B75 (resistant check). The ClI, C2I, and C3I populations 
were selected by the insect, whereas the CID, C2D, and C3D populations 
were selected by chemical analysis for DIMBOA. 
The 16 genotypes were planted in two-row plots (four hills of six 
seeds/hill/row and thinned to three plants/hill). The Ankeny plots were 
planted on April 28 and May 11 in 1982 and 1983, respectively. The Ames 
plots were planted on May 1 and April 27 in 1982 and 1983, respectively. 
One row in each plot was infested with ECB egg masses during the 
midwhorl stage of plant development (70-87 cm in extended leaf height). 
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Infestations (10 plants/plot) at Ankeny were made in 16 applications of 
two masses (ca. 800 eggs/plant), each spaced 1 day apart, whereas in­
festations at Ames (10 plants/plot) were made in 12 applications of two 
masses (ca. 600 eggs/plant), each spaced 1 day apart. Leaf feeding 
damage was rated on an individual plant basis in classes 1 = no damage 
to 9 = extensive damage (Guthrie et al., 1960), 21 days after egg hatch. 
The second row in each plot was used for DIMBOA analysis. Whorl 
leaves (83 cm in extended leaf height) from 10 plants in each plot were 
placed in plastic bags and frozen at -23°C until used. The frozen leaf 
tissue was thawed, dried in an oven at 45°C, and ground into a fine 
powder for DIMBOA analysis. The chemical determinations were actually 
for MBOA, expressed as mg MBOA/g of plant tissue. Because DIMBOA is 
chemically labile and decomposes stoichiometrically to MBOA (Brendenberg 
et al., 1962), DIMBOA concentrations can be determined by chemical 
analysis of dried plant tissue for MBOA (Klun and Robinson, 1969; Klun 
et al., 1970; Klun, 1970). 
The procedures used to obtain quantitative measurement of MBOA in 
leaf tissue were modified from the procedures used by Klun and Robinson 
(1969). For each maize entry, 20 ml of boiling water were added to a 70 
ml jar containing 0.5 g of dried-ground leaf tissue; after shaking vigor­
ously for 1 mln., this solution was poured into a Beuchner funnel (lined 
with filter paper), and an aspirator vacuum filtered the filtrate into a 
500 ml flask. The filtrate was poured into a 100 ml beaker and was al­
lowed to cool (the leaf residue was discarded). Four drops of concentrated 
HCl were used to acidify the filtrate to pH 1. The acidified filtrate was 
11 
poured into a separatory funnel; 40 ml of diethyl ether were poured into 
the funnel. After vigorously shaking the funnel, the water and ether were 
allowed to separate, then each was drained into 100 ml beakers; the water 
was then poured back into the separatory funnel. To wash MBOA from the 
water layer as completely as possible, the procedure involving the 
separatory funnel was repeated thrice, then the water layer was discarded. 
Anhydrous calcium chloride was added to the ether layer to remove any 
water left in the ether. The ether was allowed to evaporate under a 
fume hood, and the ether soluble residue was dissolved in one ml ethyl 
acetate-benzene (1:1 vol/vol). 
A 100 yl aliquot of this solution was then spotted on a 20 x 20 cm 
glass plate covered with a thin layer of silica gel (GF254 Brinkmann 
Instruments^, Westbury, NY). Six maize entries and commercial MBOA (as 
a reference) from Calbiochem-Behring Corp., P.O. Box 12087, San Diego, 
California, were spotted on an individual plate. Each entry in each of 
the six replications was repeated twice. The seven spots were placed 
along one edge of the plate. 
After spotting, the chromatogram from leaf tissue was developed with 
chloroform: ethyl-acetate :cyclohexane (in the ratio 4:4:2 vol/vol). After 
development, the plates were removed from the solution, dried, and then 
redeveloped in the same direction with cyclohexane:isobutanol (85:15 vol/ 
vol). Once the chromatogram was air-dried, two observers visually rated, 
under short wave uv light (254 nm), the intensity of each MBOA spot from 
the extracts in classes of 1 to 5 (1 = highest intensity, 5 = lowest in­
tensity) as described by Robinson et al. (1982). 
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When the Intensity ratings were completed, the area of the silica 
gel corresponding to the reference MBOA spot was scraped from the 
chromatogram and was transferred to a disposable Pasteur pipette plugged 
with glass wool. MBOA was then eluted from the silica gel with six ml 
of 95% ethanol; the UV absorbance of this solution was then measured at 
231 mn with a Beckman Model DB Spectrophotometer^. The UV spectrophoto-
metrlc percent transmission (% T) was read twice for each entry. The 
MBOA concentration (mg MBOA/g tissue) in leaf tissue was calculated from 
a MBOA standard curve. 
Thus, we used two methods for measuring DIMBOA content in maize 
leaf tissue: (1) chemical analysis for mg MBOA/g of maize leaf tissue 
and (2) thin layer chromatography to rate differences visually In the 
concentration of MBOA. 
In objective 2, 100 selections from each of the CO, C3I, and 
C3D populations were evaluated for resistance to leaf feeding by 1st-
generation ECBs at two locations in 1983 (three replications at Ankeny 
and three replications at Ames, with a randomized complete block design 
at both locations). Single-row plots of each entry were planted at 
Ankeny on May 11 and at Ames on April 27. Six plants in each plot were 
infested in four applications of two egg masses (ca. 200 eggs/plant) 
spaced 1 day. Infestations were made during the mldwhorl stage of plant 
development. Plants were rated, on a plot basis, in classes 1 = no 
damage to 9 = extensive damage to leaf tissue, 21 days after egg hatch. 
In objective 3, the 16 genotypes were also evaluated for sheath-
collar feeding and stalk feeding damage by 2nd-generation ECBs. B86 x 
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SC213 was used as a resistant check instead of CI31A x B75. The entries 
were planted (randomized complete block design with four replications at 
one location, Ankeny) in one-row plots (four hills of six seeds/hill 
and thinned to three plants/hill) on April 28 in 1982 and May 11 in 
1983. Rows and hills were spaced 100 cm. Ten plants in each plot were 
infested with six applications of two ECB egg masses (ca. 300 eggs/plant) 
each spaced 1 day, during anthesis. Sheath-collar feeding damage was 
rated, on a plot basis, in classes 1 = no damage to 9 = extensive damage 
(Guthrie et al., 1978), 60 days after egg hatch. After sheath-collar 
feeding ratings were made, ten plants in each plot were dissected for 
cavity counts (cm of damage in stalks). ECB egg production and artifi­
cial infestation techniques used in these studies were reported by 
Guthrie et al. (1971). 
In objective 1, the data for 1982 and 1983 were combined for 
analysis. Years and locations were pooled into environments. Replica­
tions were nested within environments and genotypes were nested within 
replications. The CO population was entered three times in each repli­
cation to facilitate statistical analysis. Plot means were used in the 
analysis of variance for leaf--feeding ratings, MBOA concentrations, 
and TLC plate ratings. 
The total sums of squares were partitioned into components for 
environments, replications/environments, genotypes, environments x geno­
types, and pooled error. For the three traits, genotype sums of squares 
were partitioned into sums of squares for cycle populations and popula­
tion crosses vs. checks, among checks, among cycle populations and 
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population crosses, and among CO populations. By using the least square 
analysis of Eberhart (1964), the sums of squares for cycle populations 
and population crosses were partitioned further into sums of squares 
for linear, quadratic, and cubic regressions. 
Environments were considered random variables and genotypes were 
fixed effects. F-value for environments was determined by using the 
replications/environments mean square as the denominator. F-values 
for all other components were determined by using the pooled error mean 
square as the denominator or the mean square for environments x geno­
types interaction (if significant). Standard errors were calculated 
for the regression coefficients as described by Draper and Smith (1966). 
In the analysis of variance for objective 2, locations were desig­
nated as environments (Table 3). Replications were nested within en­
vironments and genotypes were nested within replications. Genotypes 
were partitioned into among (CO, C3I, C3D), CO vs. C3I + C3D, C3I vs. 
C3D, among S^s in CO, among S^^s in C3I, and among S^s in C3D. The Inter­
actions were environments x genotypes and environments x the various 
components of genotypes. 
Environments were considered random variables and genotypes were 
fixed effects. F-value for environments was determined by using the 
replications/environments mean square as the denominator. F-values 
for all interactions were determined by using the pooled error mean 
square as the denominator. Because the F-value of the environments x 
genotypes interaction was significant, the mean square of this interac­
tion was used to calculate F-values for genotypes and the components 
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within genotypes. 
In objective 3, the data for 1982 and 1983 were combined for 
analysis (Table 5). The analysis of variance was the same as used in 
objective 1 except that this experiment had only two environments (two 
years, one location). 
LSDs for objectives 1, 2, and 3 were calculated as described 
by Steel and Torrie (1960) to determine the level of significant dif­
ferences between the means. 
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RESULTS AND DISCUSSION 
In objective 1, there were highly significant differences among 
environments for leaf-feeding ratings and TLC plate ratings, and among 
genotypes for leaf-feeding ratings, MBOA concentrations, and TLC plate 
ratings (Table 1); the environments x genotypes interaction was also 
significant for cycle populations and population crosses. Partitioning 
of the sums of squares into linear, quadratic, and cubic regressions 
showed that response to selection was linear for the three traits with 
no significant quadratic or cubic deviations. The difference in linear 
response between the two methods of selection was significant for only 
MBOA (Tables 1 and 2). 
Leaf-feeding ratings were lower in the resistant check (CI31A x B75) 
and were much higher in the susceptible check (WF9 x 1205) than were 
leaf feeding ratings for all cycle populations and crosses of the cycle 
populations (Table 2). Means and linear regressions for leaf-feeding 
ratings in Table 2 show that leaf ratings in cycle populations were sig­
nificantly improved with recurrent selection procedures when selection 
was made by the insect (b^ = -0.31) and also when selection was made by 
chemical analysis for MBOA in whorl leaf tissue (b^^ -0.36). Most of 
the progress was made from CO to CI. 
MBOA concentration in whorl leaf tissue was higher (more resist­
ant) in the resistant check (C131A x B75) than was MBOA content in 
most of the cycle populations and population crosses (Table 2). The 
susceptible check (WF9 x 1205) contained lower concentration of MBOA 
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than did all other genotypes. MBOA content was significantly in­
creased in cycle populations with recurrent selection procedures when 
selection was made by the insect (b^ = 0.27) and also when selection 
was made by chemical analysis for MBOA (b^ = 0.14). 
TLC plate ratings (MBOA intensity on TLC plates) were lower (more 
resistant) in CI31A x B75 than were TLC plate ratings in most of the 
cycle populations and population crosses (Table 2). WF9 x 1205 con­
tained a higher TLC plate rating than did all other genotypes. The 
TLC plate ratings in cycle populations show that improvement was made 
with recurrent selection procedures when selection was made by the in­
sect (b^ = -0.66) and also when selection was made by chemical analysis 
of leaf tissue (b^ = -0.47). 
Crosses of CO x C3I and CO x C3D had mean values that were inter­
mediate between the parents for leaf feeding ratings, MBOA content, and 
TLC plate ratings. Consequently, the gene action for these traits 
seems to be primarily additive. 
Given primarily additive gene action, if recurrent selection for re­
sistance to leaf feeding (I) accumulated the same number of genes as did 
recurrent selection for MBOA (D), then I and D would have similar mean 
values and a cross between the two populations should have the same level 
of resistance as the mean of the parents [i.e., C3IxC3D = (C3I+C3D/2)]. 
If, however, recurrent selection for leaf feeding resistance accumulated 
more genes than did the chemical analysis technique, then I would be more 
resistant than D and a cross of the two populations should be intermedi­
ate between the parents. Also, if both methods of selection accumulated 
Table 1. Analysis of variance for leaf feeding ratings, MBOA concentrations (mg MBOA/g dried leaf 
tissue), and TLC plate ratings 
Leaf-feeding ratings MBOA TLC plate ratings 
variation MS F-value MS F-value MS F-value 
Environments 3 6.82 11.76** 0.24 1.50 4.01 12.15** 
Reps/Environments 8 0.58 0.16 0.33 
Genotypes 15 26.58 48.32** 1.30 13.00** 9.70 14.48** 
(1-9,12-14) vs. 
(10,11,15,16)* 1 74.58 139.91** 0.29 2.90 3.84 5.73* 
Among (10,11,15,16) 3 100.18 182.15** 3.52 35.20** 24.51 36.58** 
Among (1-9,12-14) 11 2.12 3.85** 0.79 7.90** 6.18 9.22** 
1-9 6 2.51 4.56** 1.02 10.20** 7.40 11.04** 
Pop. Lin 2 6.87 12.49** 2.72 27.20** 19.94 29.76** 
Ave. Lin 1 13.67 24.85** 4.95 49.50** 38.82 57.94** 
Bet. b's 1 0.06 0.11 0.49 4.90* 1.05 1.57 
Pop. Quad. 2 0.55 1.00 0.04 0.40 0.80 1.19 
Ave. Quad. 1 1.06 1.93 0.001 0.01 1.38 2.06 
Bet. b's 1 0.03 0.05 0.086 0.86 0.24 0.36 
Pop. Cubic 2 0.11 0.20 0.29 2.90 1.47 2.19 
1,2,3,12-14 3 2.73 4.96** 0.84 8.40** 7.85 11.72** 
Lin 1 7.81 14.20** 2.49 24.90** 23.44 35.00** 
Quad. 1 0.37 0.67 0.002 0.02 0.02 0.03 
Cubic 1 0.01 0.02 0.03 0.30 0.10 0.15 
Among COs 2 0.06 0.11 0.045 0.45 0.03 0.04 
*1,2,3 = CO, 4 = ClI, 5 = CID, 6 = C2I, 7 = C2D, 8 = C3I, 9 = C3D, 10 = CO x C3I, 11 = CO x 
C3D, 12 = ClI X CID, 13 = C2I x C2D, 14 = C3I x C3D, 15 = CI31A x B75, 16 = WF9 x 1205. 
^Significant at 5 percent probability level. 
^^Significant at 1 percent probability level. 
Table 1. Continued 
Source of Leaf-feeding ratings MBOA TLC plate ratings 
variation F-value MS F-value MS F-value 
Env. X Genotypes 45 0.55 2.62** 0.10 2.70** 0.67 2.23** 
Env. X (1-9,12-14) 
vs. (10,11,15,16) 3 1.90 9.05** 0.17 4.59** 0.03 0.10 
Env. X Among 
(10,11,15,16) 9 1.54 7.33** 0.34 9.19** 1.68 5.60** 
Env. X Among 
(1-9,12-14) 33 0.15 0.71 0.03 0.81 0.45 1.50 
Pooled Error 120 0.21 0.037 0.30 
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Table 2. Means and linear and quadratic regression coefficients for 
leaf feeding ratings, MBOA concentrations (mg MBOA/g dried 
leaf tissue), and TLC plate ratings for Ist-generation ECBs 
Method ^ Trait 
Cycles of 
selection 
Inter­
cept 
Regression 
coefficient 
0 1 2 3 to b q 
I Leaf- 2.7 2.1 1.9 1.7 2.55 -0.31±(0.10) 0.09±(0.11) 
D feeding 2.7 2.1 1.6 1.6 2.55 -0.36±(0.10) 0.12±(0.11) 
I X D ratings 2.7 2.1 1.8 1.6 2.56 -0.36±(0.10) 0.09±(0.10) 
I MBOA 0.88 0.93 1.43 1.61 0.81 0.27±(0.04) 0.03±(0.05) 
D 0.88 1.19 1.16 1.36 0.94 0.14±(0.04) -0.03±(0.04) 
I X D 0.88 1.03 1.30 1.47 0.87 0.20±(0.04) 0.006 ±(0.05) 
I TLC 3.50 3.00 1.88 1.67 3.50 -0.66±(0.11) 0.07±(0.12) 
D plate 3.50 2.38 2.38 1.92 3.50 -0.47±(0.11) 0.17±(0.12) 
I X D ratings 3.50 2.92 2.17 1.67 3.50 -0.62±(0.11) 0.02±(0.12) 
Traits 
, Leaf- MBOA TLC 
® feeding concen- plate 
ratings trations ratings 
CO X C3I 2.5 1.09 2.46 
CO X C3D 2.3 1.10 2.63 
CI31A X B75 1.4 1.74 1.50 
WF9 X 1205 7.8 0.42 4.88 
LSD 0.05b 0.61 0.26 0.67 
= maize populations selected by the insect. 
D = maize populations selected by chemical analysis for MBOA con­
tent in whorl leaf tissue. 
I X D = maize populations selected by the insect crossed to maize 
populations selected for MBOA content. 
^For comparison among the checks, cycle populations, and popula­
tion crosses. 
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the same number of, but different genes, then a cross between I and D 
would be intermediate between the parents for leaf-feeding resistance, 
MBOA content, and TLC plate ratings. It seems from the data in Table 2 
that each method of selection has accumulated about the same number of 
genes for resistance. 
In objective 2, the analysis of variance (Table 3) for ECB leaf-
feeding ratings showed highly significant differences among the 300 
lines. Also, differences among 100 S^^s from each of the three popula­
tions were highly significant. Differences between CO vs. (C3I + C3D) 
and between C3I vs. C3D were also highly significant. The environments 
X genotypes (300 lines) interaction was not significant. 
Leaf feeding ratings of the 100 lines from the CO population 
ranged from 2.1 to 9.0 (Table 4) and the majority of lines rated 3.1 
to 6.0. Leaf feeding ratings of the 100 lines selected by the insect 
(C3I) ranged from 2.0 to 6.0 and the majority of lines rated 2.0 to 
4.0. Leaf-feeding ratings of the 100 lines selected for high MBOA 
content in whorl leaf tissue (C3D) ranged from 2.0 to 5.0 and the major­
ity of lines rated 2.0 to 3.0. Selection caused a decrease in genetic 
variance among lines, with the decrease being significantly greater for 
C3D than for C3I. 
Mean leaf-feeding rating of the lines from the CO population 
was 4.3 (Table 4), which was significantly greater than the mean rating 
of 2.8 for lines from C3I and 2.5 for lines from C3D. The mean 
leaf feeding rating of lines derived from C3I was significantly 
greater than the mean rating of lines derived from C3D, although 
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0.3 of a rating class probably is of little practical value. These 
data are consistent with the results for the C3 populations per se in 
objective 1. 
Population CO had a mean leaf-feeding rating of 2.7 (Table 2), but 
the lines from CO had a mean rating of 4.3 (Table 4) and only 19% 
of the lines rated 3.0 or better. Ratings of 1 to 3 are considered 
resistant, 4 to 6 intermediate, and 7 to 9 susceptible. The C3I had 
75% of the lines rated 3.0 or better and C3D had 92% rated 3.0 or 
better. Consequently, inbred selection in CO would be expected to give 
many fewer resistant lines than would inbred selection in either C3I or 
C3D. 
At present, the insect is being used exclusively in breeding maize 
for resistance to the ECB. Public and private researchers produce ca. 700 
million eggs each season for host plant resistance studies. Chemical 
analysis of leaf tissue for DIMBOA is not being used because the technique 
is labor intensive. Also, Sullivan et al. (1974) found that whorl leaves 
of some genotypes of maize low in DIMBOA were resistant to leaf feeding 
by Ist-generation ECBs (chemical analysis for DIMBOA in this type of ma­
terial obviously would be useless), and Russell et al. (1975) found that 
selection only on the basis of DIMBOA may cause the eventual loss of other 
resistance factors in maize breeding populations. Nevertheless, even 
though we started with a CO population of BSl that was resistant to leaf 
feeding by Ist-generation ECBs, a recurrent selection procedure increased 
levels of resistance. Furthermore, data in objectives 1 and 2 show that 
selection for low leaf feeding damage by the insect and selection for high 
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Table 3. Analysis of variance for leaf-feeding ratings of lines 
from CO, C3I, and C3D populations 
Source of 
variation DF 
Leaf-: 
MS 
feeding ratings 
F-value 
Environments 1 2.57 0.42 
Reps/Environments 4 6.18 
Genotypes 299 8.43 10.04** 
Among (CO, C3I, C3D) 2 549.28 653.90** 
CO vs. C3I+C3D 1 1074.75 1279.46** 
C3I vs. C3D 1 23.80 28.33** 
Among S^s of CO 99 10.03 11.94** 
Among SIS of C3I 99 2.91 3.46** 
Among S^s of C3D 99 1.42 1.69** 
Env. X Genotypes 299 0.95 1.13 
Env. X Among (CO, C3I, C3D) 2 1.44 1.71 
Env. X (CO vs. C3I+C3D) 1 1.73 2.06 
Env. X (C3I vs. C3D) 1 1.14 1.36 
Env. X S^s of CO 99 1.67 2.00** 
Env. X S^s of C3I 99 0.73 0.87 
Env. X S^s of C3D 99 0.42 0.50 
Pooled Error 1196 0.84 
**Significant at 1 percent probability level. 
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Table 4. Frequency distribution of mean ECB leaf-feeding ratings of 
lines in three populations 
Cycle Class intervals of ECB ratings^ Mean ^ ^ 
CO 0 19 33 21 20 6 0 1 4.3 
C3I 11 64 21 1 3 0 0 0 2.8 
C3D 20 72 7 1 0 0 0 0 2.5 
^Leaf feeding by Ist-generation ECBs was rated in classes 1 = no 
damage to 9 = extensive damage. The resistant check (CI31A x B75) 
rated 2; the susceptible check (WF9 x 1205) rated 9. 
^LSD 0.05 for comparison among the 100 S^s of CO = 1.9, among the 
100 S^s of C3I (maize population selected by the insect) = 1.3, and 
among the 100 S^s of C3D (maize population selected by chemical 
analysis for MBOA content) = 1.1. 
'^LSD 0.05 for comparison among these three means = 0.2. 
^Estimate of the genetic variation among lines. 
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MBOA concentration in whorl leaf tissue were both effective in increasing 
levels of resistance in cycle populations and population crosses to 1st-
generation ECBs. 
In objective 3, analysis of variance for sheath-collar feeding 
damage and cavities in stalks are given in Table 5, and mean values for 
16 genotypes are in Table 6. Differences among genotypes were highly 
significant for both traits (Table 5); also, the environments x genotypes 
interaction was highly significant for sheath-collar ratings. Signifi­
cant differences for both traits were caused primarily by the resistant 
check, B86 x SC213, which had much lower values than any other entries. 
All populations and population crosses had sheath-collar ratings and 
cavity counts in the susceptible range (Table 6). 
There were no significant differences among the population and popu­
lation crosses for sheath-collar ratings. Although the populations had 
high cavity counts (susceptible), differences among the populations were 
significant. The orthogonal partitioning showed a highly significant 
cubic effect, which was caused by ClI and CID having cavity counts that 
were appreciably higher than for other genotypes in this group. The 
reason for these two populations to have had higher stalk damage is not 
known, and it is of no practical importance because all cycle popula­
tions and population crosses were highly susceptible. 
The synthetic cultivar BSl was developed to include resistance to 
leaf feeding by first-generation ECBs; genetic improvement for resist­
ance during the recurrent cycles did not include selection for resist­
ance to sheath-collar and stalk feeding by second-generation ECBs. 
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Previous studies (Russell et al., 1974; Guthrie et al., 1982) have 
shown no genetic correlation in maize between leaf-feeding resistance 
by Ist-generation ECBs (infestations made during whorl stage of plant 
development) and sheath-collar feeding resistance by 2nd-generation ECBs 
(infestations made during anthesis or later). Also, DIMBOA has not been 
found a chemical factor in maize for resistance to the 2nd-generation 
ECB because the sheath-collar contains very little DIMBOA (Klun and 
Robinson, 1969). Consequently, unless the recurrent selection program 
developed a plant type in C3D for which the DIMBOA was not decreased in 
sheath-collar tissue, then no improvement for 2nd-generation ECB 
resistance could have been expected. 
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Table 5. Analysis of variance for sheath-collar feeding ratings and 
cavities in stalks for 2nd-generation ECBs 
Sheath-collar Cavities 
Source of ^ ^  feeding ratings (cm) 
variation MS F-value MS F-value 
Environments 1 0.50 0.86 1285.25 33.32** 
Reps/Environments 6 0.58 38.58 
Genotypes 15 9.39 9.24** 122.04 7.46** 
(1-9,12-14) vs. 
(10,11,15,16)3 1 8.17 8.03* 368.17 22.49** 
Among (10,11,15,16) 3 42.71 42.01** 372.50 22.75** 
Among (1-9,12-14) 11 0.42 0.41 31.36 1.92* 
1-9 6 0.44 0.43 45.41 2.77* 
Pop. Lin 2 0.50 0.49 6.88 0.42 
Ave. Lin. 1 0.80 0.79 0.56 0.03 
Bet. b's 1 0.20 0.20 13.20 0.81 
Pop. Quad. 2 0.45 0.44 32.89 2.01 
Ave. Quad. 1 0.84 0.83 31.27 1.91 
Bet. b's 1 0.06 0.06 34.52 2.11 
Pop. Cubic 2 0.36 0.36 96.44 5.89** 
1,2,3,12-14 3 0.42 0.41 7.70 0.47 
Lin 1 0.23 0.23 7.53 0.46 
Quad. 1 0.22 0.22 0.71 0.04 
Cubic 1 0.80 0.79 14.86 0.91 
Among COs 2 0.38 0.37 24.71 1.51 
Env. X Genotypes 15 1.02 4.86** 19.55 1.19 
Env. X (1-9,12-14) 
vs. (10,11,15,16) 1 2.67 12.97** 31.97 1.95 
Env. X Among 
(10,11,15,16) 3 3.38 16.42** 14.80 0.90 
Env. X Among 
(1-9,12-14) 11 0.22 1.09 19.71 1.20 
Pooled Error 90 0.21 16.37 
^1,2,3 = CO, 4 = ClI, 5 = CID, 6 = C2I, 7 = C2D, 8 = C3I, 9 = C3D, 
10 = CO X C3I, 11 = CO X C3D, 12 = ClI x CID, 13 = C2I x C2D, 14 = 
C3I X C3D, 15 = B86 x SC213, 16 = WF9 x 1205. 
^Significant at 5 percent probability level. 
^^Significant at 1 percent probability level. 
28 
Table 6. Mean sheath-collar feeding ratings and cavities in stalks 
for cycle populations, population crosses, and checks 
Method^ Trait Cycles of selection 
0 1 2 3 
I 
D 
IxD 
Sheath-
collar feed­
ing ratings 
6.6 
6.6 
6.6 
6.5 
6.4 
6.6 
6.3 
5.9 
6.1 
6.5 
6.3 
6.5 
I 
D 
IxD 
Cavities 
(cm) 
19.4 
19.4 
19.4 
23.7 
23.5 
20.4 
20.2 
18.0 
18.2 
18.9 
22.3 
18.7 
Traits 
Checks Sheath-collar 
feeding ratings 
Cavities 
(cm) 
CO X C3I 
CO X C3D 
B86 X SC213 
WF9 X 1205 
LSD 0.05b 
6.5 
6.4 
2.5 
7.9 
1.1 
20.3 
18.4 
6.1 
20.3 
4.0 
I = maize populations selected by the insect. 
D = maize populations selected by chemical analysis for MBOA 
content in whorl leaf tissue. 
IxD = maize populations selected by the insect crossed to maize 
populations selected for MBOA content. 
For comparison among the checks, cycle populations, and popula­
tion crosses. 
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EXPERIMENT II. DIMBOA CONTENT AT SEVEN STAGES OF PLANT DEVELOPMENT IN 
A MAIZE SYNTHETIC CULTIVAR IMPROVED BY RECURRENT SELEC­
TION FOR DIMBOA CONTENT AND LEAF FEEDING RESISTANCE TO 
THE EUROPEAN CORN BORER 
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INTRODUCTION 
Klun and Brindley (1966) showed a correlation between the concen­
tration of 6-inethoxybenzoxazolinone (6MB0A) in dried leaf whorl tissue 
of 11 inbred lines of maize, Zea mays L., and resistance to leaf feed­
ing by Ist-generation European corn borers (ECB), Ostrinia nubllalis 
(Hiibner). Klun et al. (1967) found that DIMBOA (2,4-dihydroxy-7-
methoxy-(2II)-l, 4-benzoxazin-3(4H)-one), which is chemically labile and 
decomposes stoichiometrically to MBOA (Brendenberg et al., 1962), is a 
biochemical factor in the resistance of maize to leaf feeding by Ist-
generation ECBs. DIMBOA concentration in plant tissue can, therefore, 
be determined by chemical analysis of dried plant tissue for MBOA. 
Klun et al. (1970) found a correlation between DIMBOA content in a 
diallel of 11 inbred lines of dent maize (55 single-cross hybrids) and 
resistance to leaf feeding by Ist-generation ECBs, and Russell et al. 
(1975) found that progeny with high DIMBOA content and, thus, with high 
resistance to ECBs can be selected from a cross of WF9 (susceptible) x 
CI31A (resistant). Data in Experiment I showed that recurrent selection 
was effective in increasing DIMBOA content in leaf tissue and, thus, in 
increasing leaf-feeding resistance to the ECB in a synthetic cultivar 
of maize. 
Klun and Robinson (1969) detennined the DIMBOA content of five in­
bred lines of maize at various stages of plant development, and found 
that DIMBOA concentrations were highest in the root and then, in de­
creasing order of concentration, in the stalk, whorl, and leaf; also, 
DIMBOA concentration in these parts was different for each inbred. 
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The purpose of Experiment II was to determine the DIMBOA content at 
seven stages of plant development in a maize synthetic cultivar im­
proved by recurrent selection for DIMBOA content and leaf feeding 
resistance to the ECB. 
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MATERIALS AND METHODS 
In 1982 and 1983, DIMBOA content in leaf tissue at five plant 
heights and DIMBOA content in sheath-collar tissue at two growth stages 
were determined for CO, C3I, and C3D maize populations, plus inbred 
lines of maize CI31A (resistant) and WF9 (susceptible)• The source 
material for this study was a synthetic cultivar (Iowa 2-Ear Synthetic 
//1C2 X Iowa Com Borer Synthetic #3) designated BSl; the C3I population 
was selected through three cycles of recurrent selection for low leaf-
feeding damage by Ist-generation ECBs, whereas the C3D population was 
selected through three cycles of recurrent selection for high DIMBOA 
content in whorl leaf tissue (see Experiment I). Plant heights, dur­
ing the whorl stage of plant development, were used instead of number 
of leaves because Klun and Robinson (1969) used plant heights, and it 
was desirable to compare our data with these researchers' data. DIMBOA 
content in sheath-collar tissue was determined because Klun and Robinson 
(1969) found very little DIMBOA in sheath-collar tissue of five inbred 
lines of maize, and it was desirable to compare DIMBOA content in our 
three populations and two checks with the inbreds evaluated by these 
researchers. 
The five genotypes were planted (in seven-row plots, thinned to 12 
plants/row) at two locations each year. Three replications were used at 
both Ankeny and at Ames with a split-plot experimental design at each 
location. 
Resistance factors to Ist-generation ECBs are located in leaf tis­
sue (Guthrie et al., 1960). Whorl leaves from ten plants in each plot 
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were collected in plastic bags at heights of 15, 30, 41, 60, and 83 cm. 
Measurements of extended plant heights were made from the soil surface 
to the top of the highest leaf. Resistance factors to 2nd-generation 
ECBs are located primarily in sheath-collar tissue (Guthrie et al., 
1978). Sheaths and collars were also collected from ten plants in each 
plot at anthesis and 3 weeks after anthesis. 
The leaf and sheath-collar tissue was frozen at -23°C until used. 
The frozen plant material was thawed, dried in an oven at 45°C, and 
ground into a fine powder for DIMBOA analysis. Because DIMBOA is 
chemically labile and decomposes stoichiometrically to MBOA (Brendenberg 
et al., 1962), DIMBOA concentrations were determined by chemical analysis 
of dried plant tissue for MBOA (Klun and Robinson, 1969; Klun et al., 
1970; Klun, 1970). 
The procedures for obtaining quantitative measurement of MBOA in 
leaf tissue were the same as used in Experiment I (0.5 g of leaf tissue 
were used for each maize entry). From previous research (Klun and 
Robinson, 1969), we assumed that sheath-collar tissue contained very 
little DIMBOA; therefore, 2 g instead of 0.5 g of sheath-collar tissue 
were used for each maize entry, and the silica gel glass plates were 
spotted with a 300 yl aliquot of the solution containing the MBOA extract 
instead of with a 100 ul aliquot/spot. 
The data for 1982 and 1983 were combined for analysis. Five geno­
types of maize were the whole plots and five plant heights were the 
split plots. Sheath-collar tissue at anthesis and 3 weeks past anthesis 
contained very little MBOA; therefore, these data were not included in 
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the analysis. 
Analysis of variance was conducted for both traits by using plot 
mean data. The total sums of squares were partitioned into components 
for environments, replications/environments, genotypes, environments x 
genotypes, pooled error A, plant heights, genotypes x plant heights, 
environments x plant heights, environments x genotypes x plant heights, 
and pooled error B. For both traits, genotypes sums of squares were 
partitioned into sums of squares for C0+C3I+C3D vs. checks, CI31A vs. 
WF9, CO vs. C3I+C3D and C3I vs. C3D. 
Environments were considered random variables and genotypes were 
considered fixed effects in the analysis of variance. F-tests for en­
vironments were determined by using the replications/environments mean 
square. The environments x genotypes Interaction was tested with pooled 
error A. If the interaction was significant, it was used to test the 
genotypes and partitioned effects; otherwise, the pooled error A was used. 
In the sub-plot analysis, the pooled error B mean squares was used to test 
environments x plant heights and environments x genotypes x plant heights. 
If environments x plant heights was significant, it was used to test 
plant heights; otherwise, the pooled error B was used. Also, if environ­
ments X genotypes x plant heights was significant, it was used to test 
genotypes x plant heights; otherwise, the pooled error B was used. 
For MBOA concentrations in Table 7, the environments x genotypes 
interaction mean square was used to calculate F-values for genotypes, 
the environments x genotypes x plant heights interaction mean square was 
used to calculate F-values for genotypes x plant heights, and the 
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environments x plant heights interaction mean square was used to calcu­
late F-values for plant heights in the split-plots. For TLC plate rat­
ings, the pooled error A mean square was used to calculate F-values for 
genotypes, the environments x genotypes x plant heights interaction 
mean square was used to calculate F-value for genotypes x plant heights, 
whereas the pooled error B mean square was used to calculate F-values 
for environments x plant heights and plant heights in the split plots. 
LSDs were computed as described by Steel and Torrie (1960) to determine 
the level of significance. 
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RESULTS AND DISCUSSION 
The analysis of variance (Table 7) shows significant mean squares 
in MBOA concentrations for environments, genotypes, plant heights, and 
the interaction of environments x genotypes, genotypes x plant heights, 
environments x plant heights, and environments x genotypes x plant 
heights. The susceptible check (WF9) contained less MBOA than did the 
resistant check (CI31A) at all plant heights (Table 8). CI31A con­
tained more MBOA than did the CO, C3I, and C3D populations and WF9 at 
all plant heights with the exception of the 41-cm plants. The CO popu­
lation contained less MBOA at all plant heights than did the C3I and 
C3D populations, but the differences were significant only between the 
CO vs. C3I at plant heights of 60 and 83 cm. 
Differences in MBOA concentrations among plant heights of 15-, 30-, 
and 41-cm for CO, C3I, C3D, and WF9 (Table 8) were not significant. 
Differences in MBOA concentration between plant heights of 60- and 83-
cm also were not significant for four of the five genotypes. Plants 
60- and 83-cm high contained less MBOA for most of the genotypes than did 
plants 15-, 30-, and 41-cm high. 
Klun and Robinson (1969) found that concentration of MBOA was high­
est in five inbred lines (CI31A, B49, Oh43, B52, WF9) of dent maize 
when they were 15-cm high. We also found concentration of MBOA to be 
highest in all genotypes that were 15-cm tall, and there were signifi­
cant differences among genotypes at this plant height. Klun and 
Robinson (1969) found that inbreds 23-cm tall began to differ in MBOA 
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content. Some inbreds maintained relatively high concentrations of 
MBOA through heights of 83 cm, whereas other inbreds decreased in MBOA 
content from heights of 15 to 83 cm. In general, our study also 
showed that plants 15-cm tall had the highest amount of MBOA and plants 
83-cm tall had the lowest amount of MBOA. 
Klun and Robinson (1969) found that most inbred lines of maize 
contained very little MBOA at anthesis. We also found that the five 
genotypes of maize in Table 8 contained very little MBOA at anthesis 
and 3 weeks past anthesis (range 0.03-0.11 mg MBOA/g sheath-collar 
tissue). Objective 3 in Experiment I of this dissertation showed that 
the CO, C3I, and C3D populations were susceptible to sheath-collar 
feeding and stalk feeding by 2nd-generation ECBs. 
The analysis of variance (Table 7) shows significant differences 
in TLC plate ratings only among genotypes; differences for plant 
heights were not significant. Also, there were no significant inter­
actions that involved any of the main effects. WF9 had a higher plate 
rating (more susceptible) at all plant heights than did the other four 
genotypes (Table 8), whereas CI31A had a lower plate rating (higher 
resistance) than did the other four genotypes at all plant heights. The 
CO population had a higher plate rating (lower resistance) at all plant 
heights than did the C3I and C3D populations. The C3I population was 
not significantly different from the C3D population at three of the 
five plant heights. 
In summary, plants 15-cm tall contained more MBOA than did plants 
83-cm tall. Because differences among plant heights in the TLC plate 
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ratings were not significant for the five genotypes of maize (Table 8), 
MBOA concentration was more precise in measuring differences among 
plant heights than were TLC plate ratings. 
Under field conditions, inbred lines that were susceptible during 
the midwhorl stage of plant development were resistant during the 
seedling stage (Guthrie et al., 1983). The higher concentrations of 
DIMBOA found in seedling maize of five inbred lines (Klun and Robinson, 
1969) and in two inbred lines plus three populations (Table 8) may ex­
plain the resistance of young maize to the ECB. Klun and Robinson 
(1969) found inbreds that maintained high concentrations of DIMBOA in 
the midwhorl stages were borer-resistant, whereas inbreds that decreased 
in DIMBOA content from the seedling to the midwhorl stage were suscepti­
ble. 
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Table 7. Analysis of variance for the quantitative measurement of 
MBOA (mg MBOA/g dried leaf tissue) and TLC plate ratings 
(intensity of MBOA from leaf tissue) 
MBOA plate 
Source of gp ratings 
variation F-value MS F-value 
Environments 3 21.03 300.43** 0.01 3.33 
Reps/Environments 8 0.07 0.003 
Genotypes 4 24.70 42.59** 117.60 178.18** 
C0+C3I+C3D vs. CI31A+WF9 1 0.01 0.02 3.04 4.61* 
CI31A vs. WF9 1 91.93 158.50** 385.21 583.65** 
CO vs. C3I+C3D 1 6.34 10.90** 77.93 118.08** 
C3I vs. C3D 1 0.50 0.86 4.22 6.39* 
Env. X Genotypes 12 0.58 8.29** 0.86 1.30 
Pooled Error A 32 0.07 0.66 
Plant Heights 4 5.85 7.60** 0.013 0.04 
Genotypes x P.H. 16 0.50 2.08* 0.69 1.41 
Env. X P.H. 12 0.77 11.00** 0.013 0.04 
Env. X Genotypes x P.H. 48 0.24 3.43** 0.49 1.48* 
Pooled Error B 160 0.07 0.33 
^Significant at the 5 percent probability level. 
^^Significant at the 1 percent probability level. 
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Table 8. Mean concentration of MBOA and TLC plate ratings at five 
plant heights 
Plant heights (cm) 
mg MBOA/g dried leaf tissue TLC plate ratings 
15 30 41 60 83 15 30 41 60 83 
CO 1.83 1.63 1.70 1.04 0.81 3.6 3.9 3.7 4.0 4.0 
C3I 2.10 2.02 2.08 1.72 1.40 2.3 2.2 2.2 2.2 2,3 
C3D 1.86 1.94 2.11 1.41 1.34 3.1 2.4 2.3 2.8 2.6 
CI31A 3.24 2.45 2.28 2.54 2.12 1.0 1.6 1.7 1.2 1.2 
WF9 1.13 0.93 0.75 0.55 0.53 4.8 4.9 5.0 4.9 4.9 
Mean 2.04 1.79 1.78 1.45 1.24 2.96 3.00 2.98 3.02 3.00 
LSD 0.05 
Any two means of MBOA concentration between plant heights for the 
same genotype: 0.40 
Any two means of MBOA concentration between genotypes for the same 
plant height: 0.47 
Any two means of TLC plate ratings between plant heights for the 
same genotype: 0.57 
Any two means of TLC plate ratings between genotypes for the same 
plant height: 0.60 
Any two means of MBOA concentration between plant heights averaged 
over all genotypes; 0.35 
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SUMMARY AND DISCUSSION 
In 1982 and 1983, the efficiency of two methods of selection for 
resistance to leaf feeding by Ist-generation European corn borers was 
evaluated. The source material for this study was a synthetic cultivar 
designated BSl, and a recurrent selection breeding technique was used 
to decrease leaf-feeding damage and to increase DIMBOA content in leaf 
tissue. Cycle populations (CO, ClI, C2I, C3I, CID, C2D, C3D), popula­
tion crosses (ClI x CID, C2I x C2D, C3I x C3D), and checks (CO x C3I, 
CO X C3D, CI31A X B75, WF9 x 1205) were planted in two row plots. One 
row in each plot was infested with ECB egg masses and rated for leaf-
feeding damage. DIMBOA content in whorl leaf tissue and TLC plate rat­
ings were determined in the second row of each plot. The ClI, C2I, 
and C3I populations were selected by the insect, whereas the CID, C2D, 
and C3D populations were selected by chemical analysis for DIMBOA. The 
response of cycle populations and population crosses was linear for 
leaf-feeding ratings, DIMBOA content (mg MBOA/g leaf tissue), and TLC 
plate ratings (intensity of MBOA on TLC plates). Leaf-feeding ratings 
in cycle populations were significantly improved with recurrent selec­
tion procedures when selection was made by the insect (b^ = -0.31) and 
also when selection was made by chemical analysis for MBOA in whorl 
leaf tissue (b^ = -0.36); most of the progress was made from CO to 
CI. MBOA content was significantly increased in cycle populations 
with recurrent selection procedures when selection was made by 
the insect (b^ = 0.27) and also when selection was made by chemical 
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analysis for MBOA (b^ = 0.14). TLC plate ratings in cycle popula­
tions also were improved with recurrent selection procedures when 
selection was made by the insect (b^ = -0.66) and when selection was 
made by chemical analysis of leaf tissue (b^ = -0.42). Crosses of 
CO X C3I and CO x C3D had mean values that were intermediate between 
the parents for leaf-feeding ratings, MBOA content, and TLC plate 
ratings. Consequently, the gene action for these traits seems to be 
primarily additive. The data showed that each method of selection 
accumulated about the same number of genes for resistance. 
One hundred lines for each of the CO, C3I, and C3D popula­
tions were evaluated for leaf-feeding resistance by Ist-generation ECBs 
in 1983. There were highly significant differences among the 300 
lines, among the 100 lines from each of the three populations, 
between CO vs. (C3I+C3D), and between C3I vs. C3D. Mean leaf-feeding 
rating of the lines from the CO population was 4.3, which was 
significantly greater than the mean rating of 2.8 for lines from C3I 
and 2.5 for lines from C3D. Mean leaf-feeding rating of lines 
selected for low leaf-feeding damage was significantly greater than the 
mean of 8% lines selected by chemical analysis of leaf whorl tissue, 
although 0.3 of a rating class probably is of little value. These data 
are consistent with the results for the C3 populations per se. 
The cycle populations (CO, ClI, C2I, C3I, CID, C2D, C3D), popula­
tion crosses (ClI x CID, C2I x C2D, C3I x C3D), and checks (CO x C3I, 
CO X C3D, B86 x SC213, WF9 x 1205) also were evaluated for sheath-
collar feeding and stalk feeding damage by 2nd-generation ECBs. There 
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were no significant differences among the cycle populations and popula­
tion crosses for sheath-collar ratings (all were susceptible). Al­
though the population had high stalk damage (cavities), differences 
among the populations were significant. The orthogonal partitioning 
showed a highly significant cubic effect, which was caused by ClI and 
CID having stalk damage that was appreciably higher than for other 
genotypes in this group. The reason for these two populations to have 
had higher stalk damage is not known, and it is of no practical im­
portance because all cycle populations and population crosses were 
susceptible. 
In 1982 and 1983, DIMBOA (mg MBOA/g leaf tissue) content in leaf 
tissue at five plant heights (15, 30, 41, 60, 83 cm) and DIMBOA con­
tent in sheath-collar tissue at two growth stages (anthesis and 3 weeks 
past anthesis) were determined for CO, C3I, and C3D maize populations, 
plus inbred lines of maize CI31A (resistant) and WF9 (susceptible). 
CI31A contained more MBOA than did the CO, C3I and C3D populations and 
WF9 at all plant heights. The CO population contained less MBOA at all 
plant heights than did the C3I and C3D populations, but the differences 
were significant only between the CO vs. C3I at plant heights of 60 and 
83 cm. Differences in MBOA concentrations among plant heights of 15, 
30, and 41 cm for CO, C3I, C3D, and WF9 were not significant. Differ­
ences in MBOA concentration between plant heights of 60 and 83 cm also 
were not significant for four of the five genotypes. Plants 60- and 
83-cm high contained less MBOA for most of the genotypes than did 
plants 15-, 30-, and 41-cm high. TLC plate ratings were significantly 
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different among genotypes but not among plant heights. Plants 15-cm 
tall contained more MBOA than did plants 83-cm tall. Because differ­
ences among plant heights in TLC plate ratings were not significant 
for the five genotypes of maize, MBOA concentration was more precise 
in measuring differences among plant heights than was TLC plate ratings. 
Sheath-collar tissue contained very little DIMBOA. 
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